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We have evaluated the efficacy of 13 analogues of 
retinoic acid (retinoids) in producing in vivo feathers on 
the normally scaly foot integument (ptilopody) of the 
chick embryo. The retinoids were dissolved in dimeth-
ylsulfoxide and i.njected at doses from 1.25-~50 Jl.g ~nto 
the amniotic cavity of embryos of 10 days of mcubatIOn. 
The results showed that the production of ptilopody 
requires specific retinoids, namely, those incorporating 
a free trans carboxylic end group. Indeed, the esterifi-
cation of this acid end group (retinoid ethyl ester) leads 
to a delay in the effect of the product. Its substitution by 
an alcohol (retinol) or an aldehyde group (retinal), or its 
isomerization, leads to inactive products. The esterifi-
cation by acetic acid of the alcohol terminal group of 
retinol leads to a moderately active compound (retinyl 
acetate). By contrast, modifications of the ring do n~t 
interfere with the efficacy of the retinoid, and modifi-
cations of the side chain by addition of one or two 
supplementary rings lead to an increase of the activity. 
Thirty years after the pioneering work of Fell and Mellanby 
[1] who showed that vitamin A can interact with or could be 
inv'olved in the mechanisms of epithelial differentiation, its 
mode of action is still unknown. The vitamin A acid molecule, 
or retinoic acid, is composed of 3 subunits (trimethylcyclohex-
enyl ring, polyene chain, and carboxyl end group), each of 
which can be modified to result in a number of compounds 
collectively called retinoids. The numerous works (among them 
[2-5]) on the comparative effects of vitamin A anal?gues focus 
on two points. First, the search for analogues showmg both an 
enhanced activity and a decreased toxicity is justified because 
of the usefulness of vitamin A in human therapy, in dermatol-
ogy as well as in o~co logy .[6-8) .. Sec~)lld, coml?arin.g the meas-
ured activity of various retmOids III different bIOlogical systems 
could provide some clues to a determination of whether differ-
ent known effects of vitamin A are related to one or several 
types of molecular structure. 
We used retinoic acid (RA) as a means of studying the 
dermal-epidermal interactions that occur during skin morpho-
genesis in the chick embryo [9). Indeed, this product produces 
a change in chick cutaneous appendages, namely, the formatIOn 
of feathers on the foot scales [10]. This effect was obtained in 
57% of cases when retinoic acid was administered as a s ingle 
injection of 125 Ilg into the amniotic cavity of lO-day chick 
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embryos. However, the number of affected scales on each foot 
varied from a few to all of t hem. In contrast, the addition of 
0.1-5 J.Lg of RA to the culture medium of 10-day tarsometatarsal 
skin in vitro leads only to an inhibition of morphogenesis 
(Dhouailly, unpublished results; Kistler, personal communica-
tion). We are interested for two reasons in evaluating the 
efficacy of different retinoids in producing in vivo feathers on 
the normally scaly foot of the chick embryo. First, we t ried to 
find a more active compound than RA, to obtain a constant 
and regular alteration of chick tarsometatarsal morphogenesis. 
Second, the results could answer t he following question: Is 
there a relationship between the structure of t he vitamin A 
molecule and the formation of feathered feet (ptilopody) in the 
chick embryo? The answer to t his question could provide a 
step toward the understanding of how vitamin A may disturb 
the setting up and partition of morphogenetic fields. Indeed, 
ptilopody appears to result from a splitting of the scale rudi-
ments into sm~ller feather rudiments 24 h after injection [l1J. 
ThiS problem IS related to other known effects of retinoids on 
the constitution of morphogenetic fields during limb develop -
ment or regeneration [12- 14] . 
For this study we have chosen 13 retinoids (see Table II) 
known to have different biological activities in other systems 
[4,5 ). 
MATERIALS AND METHODS 
The chick embryos were from F2 crosses of Wyandotte x Rhode 
Island Red breeds. Eggs were incubated at 38°C, and windows in the 
shell were prepared at 3 days of incubation. The retinoids were synthe-
sized by the research department of Hoffmann-La Roche from Basel. 
Included in the series were retinoids with structural modifications in 
the ring, side chain, and polar terminal group (see Table II). They were 
dissolved in dimethylsulfoxide (DMSO) and administered as a single 
injection of 0.03 ml into the amniotic cavity of chick embryos of 10 
days of incubation. The usual dose was 125 Ilg per embryo. For some 
analogues, lower (12.5 and 1.25 Ilg) or higher (250 Ilg) doses were used. 
The number of dead embryos was recorded daily. At 17 days of 
incubation, the surviving embryos were weighed and then fixed in 
Bouin-Hollande's fixative for external morphologic study. Control em-
bryos were injected at the same stage with DMSO alone. Experimental 
work with retinoids was accomplished in subdued light. 
RESULTS 
General Effects of Retinoids on the Chick Embryo 
Eighty percent of the control embryos, treated with t he 
solvent alone (DMSO), were alive 7 days after the injection 
(Table I) . They were morphologically normal, specifically with 
respect to the integument and body weight (16 ± 2 g SD) . 
By contrast, the administration of retinoids produced a mor-
tality rate that depended on the dose and type of the compound. 
Mortali ty reached 100% 7 days after an injection of 125 /.Lg of 
retinoids incorporating supplementary rings. With most of t he 
products, the mean body weight showed significant reduction , 
with the exception of two of them, Ro 4-8068 and Ro 13-2389. 
These compounds caused an edema of the embryos. Four types 
of external anomalies, already observed after retinoic acid 
treatment [15], were obtained. Three of them were malforma-
tions (crossed beak, acropodial truncature, club-shaped feather 
filaments). The fourth was the formation of normally shaped 
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TABLE I. Effects of retinoids on. chick embryo 7 days after an intra-amniotic injection at 10 days of incubation 
Number Number and percentage Mea n 
No." Roche Dose 
of 
of embryos we i ~ht 
numhe r (I'g) injected 
embryos recovered 
(± SD) 
at 17 days 
1-5488 125 199 68 34% 13 ± 3 
12.5 38 21 55% 
1.25 35 20 67 % 
2 4-8068 125 49 41 84% 18 ± 3 
3 1-4955 250 86 62 72 % 
125 145 89 61 % 
4 1-6015 125 386 43 11 % 13 ± 1 
5 1-5275 125 210 133 63% 14 ± 2 
6 4-3780 125 226 98 43% 15 ± 3 
7 10-1670 125 218 101 46% 13 ± 2 
8 10-9359 125 244 150 61 % 12 ± 2 
9 8-7699 125 76 40 53% 13 ± 2 
10 8-9372 125 180 75 42% 11 ± 2 
11 13-6307 125 54 0 0% 
12.5 79 31 39% 14 ± 7 
12 13-2389 125 51 0 0% 
12.5 III 47 42 % 23 ± 9 
13 13-7410 125 80 0 0% 
12.5 60 0 0% 
1.25 88 19 22% 11 ± 6 
14 13-6298 125 17 0 0% 
12.5 69 0 0% 
1.25 66 59 89% 8±5 
a See Table II. 
n With respect to recovered embryos. 
cutaneous appendages in an abnormal location, namely, feath-
ers on the foot scales (ptilopody). Their occurrence depended 
on the type of analogue employed. 
Malformed beaks were observed particularly with two com-
pounds that present one (Ro 13-2389) and two (Ro 13-7410) 
supplementary rings on the side chain. They caused, with a 
dose of 12.5 and l.25 Jlg, a curvature of the superior maxillary 
in 91 % and 100% of the recovered embryos, respectively. These 
two retinoids were also the most effective in producing acro-
podial truncature. In contrast, all the tested products, with the 
exception of retinal (Ro 1-6015), caused malformed feathers in 
the feather tracts. The ptilopody effect is detailed in the next 
section. 
Ptilopody Effect of Retinoids on the Chick Embryo 
Retinoid-induced ptilopody varied with the doses and the 
types of compounds administered (Table II). The response of 
foot integument to retinoic acid (Ro 1-5488) was found to be 
highly dose-dependent. Sixty percent of recovered embryos 
developed feathers on their feet after administration of 125 Jlg, 
10% after administration of 12.5 Jlg, and none after adminis-
tration of 1.25 Jlg. Furthermore, the mean number of feathers 
per foot was very low with the intermediate dose. 
For those retinoids with a terminal carboxyl group, where 
embryos had survived a dose of 125 Jlg, none was more or even 
as active as all-trans- retinoic acid. The trimethylmethoxy-
phenyl analogue of retinoic ac id (Ro 10-1670) was two times 
less effective than RA with regard to the occurrence of ptilo-
pody. Furthermore, the mean number of feathers per foot was 
also diminished by half. The dimethylacetylcyc\opentenyl an-
alogue of retinoic acid (Ro 8-7699) was three times less effective 
than RA with regard to the occurrence of ptilopody, the mean 
number of feathers per foot remaining very low. 
The introduction of a second or a third ring in the side chain 
increased both the activity and the toxicity of the compound. 
Comparing the effectiveness of these compounds at a low dose 
of 12.5 /lg, it appeared that the tetramethylated tetralin retinoic 
acid analogue (Ro 13-6307) produced six times more cases of 
ptilopody than RA at that dose. Furthermore, the mean number 
of feathers per foot was nearly multiplied by 10. With the 
Number and perce nt.ageh of embryos with: 
Malformed Acropodial Club ·shaped Feathered 
beak t.runcuture fea thers feet 
14 21% 13 19% 56 82% 41 60 % 
0 0% 0 0% 0 0% 2 10% 
0 0% 0 0% 0 0% 0 0% 
1 3% 0 0% 33 80% 13 32% 
0 0% 0 0% 0 0% 0 0% 
0 0% 0 0% II 12% 3 3% 
0 0% 5 12% 0 0% 0 0% 
1 1% 0 0% 33 25 % 14 11 % 
0 0% 0 0% 16 16% 1 1% 
31 31 % 0 0% 93 92% 30 30% 
55 37% 0 0% ] 33 89% 8 5% 
4 10% 0 0% 25 63 % 9 23% 
29 39% 0 0% 73 98% 13 17% 
2 6% 2 6% 16 52% 19 61% 
43 91% 20 43% 47 100% 22 47 % 
19 100% 10 53% 19 100% 8 42 % 
0 0% 0 0% 10 17% 0 0% 
lowest dose of 1.25 Jlg, while RA was ineffective at this dose, 
the arotinoid compound Ro 13-7410 still caused ptilopody in 
42% of the recovered embryos, with a noteworthy number of 
feathers. 
The stereoisomer of retinoic acid (13-cis-retinoic acid, Ro 4-
3780) caused an insigniticant percentage ofptilopody. A similar 
manifestation of ptilopody (1 %) occurred without any treat-
ment. The vitamin A alcohol (retinol, Ro 1-4955) failed to 
produce any case of ptjlopody in 62 recovered embryos treated 
with a dose of 250 /lg. An insignificant percentage was obtained 
with a dose of 125 /lif,. The number of feathers per foot was very 
low. The esterified retinol (retinyl acetate, Ro 1-5275) produced 
11 % manifestation of ptilopody. Almost all the ethyl ester 
retinoids were less active than their corresponding acid forms. 
Only the compound Ro 13-2389 showed an effectiveness close 
to that of its acid form (Ro 13-6307). 
Comparing the distribution of feathers on the foot, it ap-
peared that in the case of embryos treated with acid retinoids 
or with retinyl acetate, the affected scales were mostly the scuta 
of the anterior face of the tarsometatarsus and toes (Figs 1 and 
2). In contrast, in embryos treated with ethyl ester retinoids, 
38% up to 100% of ptilopody cases showed feathers borne by 
the reticula of the plantar face of the foot (Figs 3 and 4). 
DISCUSSION 
Previous results [3,16,17] have shown that specific structural 
alterations of the retinoic acid molecule may affect different 
biological activities. Likewise, in the present work, when dis-
tribution of the different anomalies produced in chick embryos 
by the administration of various retinoids was compared, they 
appeared to be unrelated to one another. Whereas malformed 
beak and acropodial truncature were caused mostly by the 
tetramethylated tetralin retinoic acid ethyl ester (Ro 13-2389) 
and the arotinoid acid (Ro 13-7410), almost all the tested 
analogues showed a teratogenic effect on feather filaments in 
the feather tracts. As regards the production of ptilopody, it 
was obtained with specific retinoids, namely, those incorporat-
ing a free trans carboxylic end group. It is interesting to note 
that in other systems, as in organ culture in vitro of hamster 
trachea [4J or of fetal rat bone [5], retinoids with an acid 
~ 
~ 
....... 
TABLE II. Relationships between chemical structure, dose, and ptilopody effect of retinoids on chick foot integument (.Q ~ 
Ptilopody on the: .... 
Number 
and Scutate scales Reticulate scales 
Basic chemical st ructure No. R Trivial name Roche Dose percentage' 
number (I'g) of embryos Number Mean number Number Mean number 
with of Percent" (± SEM ) of Percent" (± SEM) 
ptilopody of feathers of feathe rs cases per foot cases per foo t 
~' COOH All- trans-retinoic acid 1-5488 125 41 60% 41 100% 65 ± 9 10 24 % 4±3 12.5 2 10% 2 100% 4 ± 1 0 0% 1.25 0 0% 0 0% 0 0% 
Modifications of the Polar Terminus 
2 COOC2H5 Retincic acid ethyl ester 4-8068 125 13 32% 1 8% 6 13 100% 12 ± 2 
3 CH20 H Retinol 1-4955 250 0 0% 0 0 0 0% 
125 3 3% 3 100% 12 ± 3 0 0% 
4 CHO Retinal 1-6015 125 0 0 0 0% 0 0% 
5 CH2OCO- Retinyl acetate 1-5275 125 14 11% 14 100% 30 ± 5 7% 3 
CH3 
~ 6 COOH 13-cis-Retinoic acid 4-3780 125 1% 100% 0 0% 
Modifications of the Ring 
R 7 COOH Trimethylmethoxyphenyl 10-1670 125 30 30% 30 100% 35 ± 8 4 13% 2 ± 1 ~~~~ 
retinoic acid 
8 COOCzH. Trirnethylrnethoxyphenyl 10-9359 125 8 5% 7 88% 8 ± 2 3 38% 3 ± 1 
H,("O retinoic acid ethyl ester 
~R 9 COOH Dirnethylacetylcyclopentenyl 8-7699 125 9 23 % 8 89 % 4 ± 1 11 % 2 retinoic acid 
10 COOCZH5 Dirnethylacetylcyclopentenyl 8-9372 125 13 17% 12 92 % 6±2 5 38% 3 ± I ~ 
II retinoic acid ethyl ester [%j 
0 :j 
Modifications of the Side Chain 
Z 
0 ~' 11 COOH T etrarnethylated tetra lin retinoic 13-6307 12.5 19 61 % 19 100% 35 ± 8 4 21 % 2 ± 1 0 acid U1 12 COOCZH5 Tetramethylated tet.mlin retinoic 13-2389 12.5 22 47% 22 100% 36 ± 5 22 100% 25 ± 4 Z 
acid ethyl ester 
--3 
R 13 COOH Arotinoid acid 13-7410 1.25 8 42 % 8 100% 19 ± 5 6 75 % 10 ± 6 ::r: [%j ~J 14 COOC2H5 Arotinoid ethyl ester 13-6298 1.25 0 0% 0 0% 0 0% (") ::r: (") 
~ 
[%j 
is:: 
a With respect to the number of recovered embryos at 17 days of incubation. ttl ~ 
h With respect to the cases presenting ptilopody. 
-< 
0 
.... 
0 
-J 
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FIGS 1- 4 . Distribution of feathers on 
the three types of scales of the foot of 
17 -day chick embryos, treated at 10 days 
of incubation with retinoic ac id (Ro 1-
5488) (Fig 1), tetramethylated tetralin 
retinoic ac id (Ro 13-6307) (Fig 2), reti -
noic ac id ethyl ester (Ro 4-8068) (Fig 3), 
and tetramethylated tetralin ethyl ester 
(Ro 13-2389) (Fig 4). x 3.3. Feathers are 
borne by tarsometatarsal and digital 
scuta (S ) of the a nterior face of the foot 
of embryos treated by acid retinoids 
(Figs 1 and 2). They are borne by the 
scutella (SL) and several groups of reti-
cula (R) of the posterior face of the foot 
of embryos treated by ethyl ester reti -
noids (Figs 3 and 4). 
terminal group have been reported to be more active than other 
analogues. In the present work, when the carboxylic end group 
was modified by isomerization or was substituted by an alcohol 
or an aldehyde group, the morphogenesis of the chick foot 
integument was not affected. Likewise, the effectiveness of the 
retinoid was decreased when the carboxylic group was replaced 
by an acetic ester and, to a lesser extent, by an ethyl ester 
group. In the case of ethyl ester analogues, with regard to the 
distribution of feathers on the foot, it appeared that the scales 
that were affected were not the same as those which were 
affected with acid retinoids. We know (10) that the period of 
sensitivity of chick foot integument to retinoic acid corresponds 
to the firs t stage of scale morphogenesis. When RA is admin-
iste red to 10-day embryos, feathers form mostly on the scuta of 
the anterior face of the foot. These scales form between days 9 
and 11 [10,18) . When RA is injected into 11-day embryos, it 
causes the formation of feathers mainly on some groups of 
reticula of the plantar face of the foot . The reticulate scales 
appear between days 11 and 14 of incubation [19]_ The plantar 
Vol. 83, No.2 
distribution of feathers was observed in the present work when 
ethyl ester retinoids were administered at 10-day embryos. 
Thus the ethyl ester forms appear not to be directly active_ The 
observed delay could correspond to the conversion of the ethyl 
ester compounds into acid forms. This hypothesis is supported 
by previous findings (5), which demonstrated that ethyl ester 
retinoids were inactive in fetal rat bone culture, but could be 
activated by the addition of esterase to the culture medium. 
The relative efficacy of retinyl acetate in the production of 
feathers on the scuta might be due to a more rapid conversion 
into the acid form. In contrast, modifications of the cyclohexene 
ring of the retinoic acid molecule did not interfere with its 
ability to provoke ptilopody. The insertion of one or two sup-
plementary rings into the side chain led to retinoids more active 
than RA, as has been reported previously for other systems 
[4,5,7,20)_ Unfortunately, these compounds are extremely toxic 
for the chick embryo. However, the tetramethylated tetralin 
retinoic acid (Ro 13-6307) appears to be the most useful in our 
system. Taking into account the proportion of cases with ptil-
Aug.1984 
opody and t he nu~ber of feather~ per foot, this molecule can 
be considered 60 t imes more effective t han RA at a dose of 12.5 
iJ.g. 
CONCLUSION 
What hypot hesis could be advanced concerning t he mode of 
action of acid retinoids in producing ptilopody in the chick 
e mbryo? Cell -spec ific receptors have been identified for retinol 
(the cellula r retinol-binding protein, CRBP [21 ] and for reti-
noic acid , C RABP [22]. It has been suggested [22 ] t hat retinoids 
may act like steroid hormones, causing cha nges in t he patterns 
of gen e exp ression . Moreover, it has been shown [23 ] t hat 
modifications of the cyclohexen e ring do not interfere with the 
a bility of a retinoid to compete for t he CRABP site, whereas 
substit u t io n of t he carboxylic end group affects t his affini ty. In 
our system, a good corre lation exists between t he CRABP 
affinity of the diffe rent retinoids , defined previous ly [23 ], and 
t heir biological activi ty. However, we noted t wo exceptions: t he 
13-cis-retinoic acid (Ro 4-3780) a nd the cyciopenten yl acid 
a nalogue (Ro 8-7699). Although t hese reti n oids were shown to 
possess a greater affinity fo r CRABP t ha n t h e all-trans-retinoic 
acid [23], t hey were inactive a nd moderately active, respec-
tively, in producing ptilopody in t he chick embryo. Since reti-
noic acid acts directly on chick epiderma l cells [9], t he question 
a rises as to whether t he retinoid acids, via t heir specific recep-
tor, could somehow block t h e expression of scale genes in t he 
epidermal cell s, t hus leaving fea t her genes free to be expressed. 
Our fee ling is t hat t his action is like ly to be indirect and 
nonspecific. 
The authors are grateful to Drs. A. Kistler, C. Jahoda, and P. Sengel 
for t heir comments on an early draft of t his manuscript. 
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